The incidence of human immunodeficiency virus (HIV)-associated neurocognitive disorder (HAND) decreased with the introduction of combined antiretroviral therapy (cART), but there is now evidence that HAND is persisting and developing despite effective HIV suppression and the absence of other confounds. HAND in the cART era is different. The main issues are: (1) HIV disease is now a chronic disorder spanning decades. While acute and subacute presentations of HAND still occur, there is mounting evidence that it is based on cumulative brain damage. Furthermore, the pathogenetic significance of continuing HIV replication as the main factor in such brain damage is still unclear. (2) As HIV disease is a chronic disorder with increased life expectancy, the effects of aging are now becoming important. Their impact and significance on the pathogenesis of HAND are only beginning to be grasped. (3) In addition to aging, there is the increased risk of the effects of comorbid conditions (eg, cardiovascular and kidney diseases). The optimal treatment of HAND in the context of cART has not yet been established with any certainty. As a general principle, systemic HIV disease must be well controlled. There is increasing evidence that central nervous system disease should also be well controlled and may require specific antiretroviral drugs that have the ability to effectively penetrate the central nervous system. The role of adjunctive therapies remains hypothetical. Research to date has shown that all adjunctive therapies have thus far failed to show any significant benefit. In this paper, we provide an updated review of the clinical presentation and neuropsychological profile in the cART era. We also review the current HAND diagnostic nomenclature in respect to both its recommendations and limitations. This is followed by discussion of the main management issues for persisting HAND, including screening algorithms and optimal therapeutic options. Finally, we explore the use of everyday life assessment methods and recommendations.
Introduction

HIV-associated neurocognitive disorder modified clinical profile in the cART era
At presentation, most human immunodeficiency virus-positive (HIV+) individuals affected with mild HIV-associated neurocognitive disorder (HAND), now the most common form of the disorder, do not show obvious signs of cognitive disturbance. It is only with careful, focused clinical evaluation and neuropsychological assessment that difficulties are reliably detected. These difficulties typically involve the domains of working memory, speed of information processing, attention, and active retrieval.
Moreover, consistent with observations in our clinical experience, a comprehensive assessment of cognitive complaints often reveals that the patient has difficulties in the most demanding activities of everyday life (eg, work, multitasking, planning, organization, and motivation). In some patients it is only when thoroughly questioned that they confess those difficulties that they tend otherwise not to report spontaneously or sometimes to minimize. In moderate to severe forms of HAND, slowness and apathy are much more striking and the impact on everyday life is often evident (eg, job loss, inability to concentrate for a significant period of time, severe working memory and memory difficulties). At this stage patients have variable insight into their difficulties; 2 therefore, reliance on self-report of cognitive complaints should be viewed with caution. When demented, HIV+ individuals often show disinhibited behavior, severe apathy, slowness, and obvious motor dysfunction (eg, sloppy handwriting, tremor, and poor balance) as well as mild to moderate anosognosia. 2 Memory function, even at the HIV-associated dementia (HAD) stage, is typically impaired at the level of active retrieval, while recognition is relatively well preserved 3 ; this is in contrast with cortical dementias such as Alzheimer's disease (AD). This profile is still the most predominant in the combined antiretroviral therapy (cART) era, with the exception of those instances where combined HAND and AD occur. 4 Although the advent of cART has rendered severe forms of cognitive deterioration less common, mild to moderate degrees of cognitive disturbances have become more prevalent. 5 Due to the chronicity of the condition some have hypothesized that the nature and phenotype of cognitive deficits may have changed over the pre-and post-cART eras. 1 Evidence for this change in the neuropsychological profile is emerging in that learning and mental flexibility difficulties are more prevalent in chronically HIV+ individuals than previously observed, while fine motor-coordination difficulties are somewhat less predominant. 1, 6 This means that screening instruments based only on motor-coordination dysfunction and that do not adequately assess mental flexibility (one of the components of executive functioning) will not have sufficient sensitivity to reliably detect HAND. 7 Whether these mild changes are significant enough to impact on the individual's everyday life is often questioned. However, cumulative evidence from the neuropsychology literature indicates that such changes can significantly impact on one's independence in daily activities (employment and efficiency at work), 8 and perhaps most importantly, medication adherence. 9, 10 Even in its mild form, HAND has been shown to be independently predictive of death. 11 Research also suggests that suffering even a mild episode of HAND has been associated with greater likelihood of having another episode in the future. 12 Persisting high prevalence and potentially increasing incidence While HAND does not affect all individuals diagnosed with HIV, mild neurocognitive impairment is present in approximately 30% of individuals on cART with asymptomatic HIV infection, without leading to self-perceived everyday repercussions in everyday activities. 13 However, in individuals with AIDS the prevalence of HAND is up to 50%, 1, 14, 15 as shown in several large international cART cohorts. Such findings indicate that prevalence is steady when compared to the pre-cART era. In those with systemic viral suppression up to 30% of HIV+ individuals have HAND, 13, 16 with the nondemented forms of HAND accounting for the majority of these cases. Instances of HAD have been found to be relatively rare with prevalence rates falling between 3% and 8%. In the initial years of the cART era annual HAD incidence was estimated at about 3% as opposed to about 7% before cART. 5 Thus, when including milder cases of HAND, there is now evidence that incidence for HAND is on the rise. For example, the AIDS Longitudinal Linked Randomized Trials (ALLRT) assessed the prevalence and incidence of neurocognitive impairment in HIV+ individuals who initiated cART and found that 39% of participants were impaired at baseline, 22% remained impaired on the study, and 21% became impaired on the study despite optimal medical management (n = 1160). 17 Lastly, two recent European studies have found rates of neurocognitive impairment in virally controlled HIV+ individuals, which differed from the majority of the neuropsychological studies in the cART era. One study found that 19% 18 were impaired and the other one found that 64%-84% 19 were impaired. On closer inspection, both studies had suboptimal normative data for the sample they studied and/or used nonstandard neuropsychological testing or tests that are known to be less sensitive to HIVrelated impairement. 18, 19 This reinforces the need to use appropriate testing and normative methods, as emphasized in the new HAND criteria nomenclature. 20 
HAND American Academy of Neurology (AAN) nomenclature (2007)
The current definitional criteria 21 propose three severity categories for HAND: HIV-associated asymptomatic neurocognitive impairment (ANI), HIV-associated mild neurocognitive disorder (MND), and HAD. This three-severity classification system was recently proposed to distinguish better between mild forms of HAND and dementia.
ANI is diagnosed when a patient exhibits neuropsychological performance that is at least one standard deviation (SD) below the mean of demographically adjusted normative scores in at least two cognitive domains. The diagnostic algorithm recommends the assessment of several cognitive domains including attention, working memory, speed of information processing, language, abstraction, executive functioning, complex perceptual motor skills, learning/ memory, simple motor skills, and perceptual abilities. Further, in the case of ANI, the impairment must not occur solely as part of delirium and not be explained by comorbid conditions, such as a previous head injury or current psychiatric disorder. These deficits should not interfere with the individual's everyday functioning.
MND refers to an acquired mild to moderate neuropsychological impairment in cognitive function that is at least one SD below the mean of demographically adjusted normative scores on two measures of distinct cognitive domains. The individual must not meet the criteria for delirium or dementia, and impairments not be explained by comorbid conditions. The distinguishing feature between ANI and MND is that the impairments in MND must interfere, at least mildly, with instrumental activities of daily living (IADL).
In contrast to ANI and MND, HAD is defined by moderate to severe cognitive impairment evidenced by a score that is at least two SDs below demographically adjusted norms in at least two cognitive domains. The impairment must result in a marked difficulty executing IADL, not meet the criteria for delirium, and not be adequately explained by comorbid conditions. HAD is the most severe form of HAND, often rendering the individual incapable not only of employment but independent living.
There are three main points to note in these criteria: • These diagnostic criteria are centered on the standardized assessment of neuropsychological functions. This is a substantial modification from the original criteria proposed in 1991 and 1996 by the AAN, which recognized apathy and emotional lability as being features of minor motor cognitive disorder and HIV-1-associated dementia. [21] [22] [23] This means that the current criteria render access to standard neuropsychological assessment essential for diagnosis. It should be noted that this is not an isolated situation and is also true for AD. 24 However, in the face of the milder clinical presentation of HAND, the assessment of a minimum number of cognitive domains (at least five in the current diagnostic criteria 20 ) is indeed necessary to reliably detect impairment. Because access to a neuropsychologist is not always possible the plausibility of screening patients to efficiently detect HAND should be determined.
• The other major clinical consequence of these criteria is the assessment of IADL to distinguish between ANI and MND. However, how to obtain evidence of IADL decline has not been well described in these new criteria. We would recommend the use of quantitative IADL questionnaires, rather than the use of a series of qualitative questions, for better specificity and standardization. Existing standardized quantitative questionnaires (eg, Patient's Assessment of Own Functioning 25 ), are typically familiar only to neuropsychologists and are often seen as too lengthy for routine use in HIV clinics; therefore, improvement in this area is needed. It should also be taken into consideration that increased complaints on these questionnaires are more robustly associated with depressive complaints rather than objective impairment on cognitive tests. 26 We will discuss further how to overcome this challenge in the section below, which focuses on the patient's perspective.
• Lastly, neuropsychiatric disturbances such as apathy are likely also to be an expression of the disease. Thus, the downgrading of these symptoms from the diagnostic criteria may lead to reductions in sensitivity. Indeed, progression of the disease that is not cognitive but neuropsychiatric is a possibility, as was recognized in the initial AAN criteria. Some of the neuropsychiatric expression of HAND is likely to be due to the underlying striatofrontal pathology, and especially in aging and chronic HIV+ patients, 27 but there is a lack of research on these issues. At the patient-management level, the clinician should be aware that some neuropsychiatric conditions are likely to worsen HAND clinical presentation. As observed in our clinical practice, this includes such behaviors as high levels of apathy, but also sometimes behavioral disinhibition, poor insight into difficulties, anxiety without obvious clinical depression, poor decision-making in everyday life such as poor financial management, and sometimes impulsivity. Such behavior may not be captured quantitatively, as these patients are usually excluded from research studies. In terms of emerging research into the social and neuropsychiatric consequences of HAND, there are studies that have investigated the facial emotional processing of chronic HIV+ individuals versus demographically comparable controls. Two studies 28, 29 have found mildly submit your manuscript | www.dovepress.com impaired processing for negative expressions. However, this research needs further confirmation, particularly in terms of long-term prognosis. Some have challenged the concept of ANI as representing a "misdiagnosis"; that is, a category that has no clinical or neuropathological relevance. 30 This can be directly challenged by the fact that these criteria have been demonstrated as having both clinical and neuropathological relevance. 31 Additionally, both recent 32 and past data 12, 33 have demonstrated that ANI and mild forms of HAND are associated with greater risk of neurocognitive decline. Moreover, this argument is based on an erroneous understanding of psychometric rules underlying neuropsychological-based diagnostic criteria development. More specifically, Gisslen et al 30 based their argument on an erroneous appreciation of the underlying statistical recommendation of the HAND criteria because they did not consider the relevant normative data on which the criteria are based. 34 It is possible that the misunderstanding stems from the HAND nomenclature, as the psychometric requirements for the composition of each cognitive domain were not outlined. Indeed, it must be understood that the outcome of importance behind a cutoff development is the individual neuropsychological measure and not the cognitive domain. To put this into the context of the HAND criteria, the normative work under which they were designed involves test batteries composed of approximately 15-20 individual neuropsychological measures. In other words, the 15% of "impairment" expected in the normal population is only plausible when such a battery size is used. If fewer individual neuropsychological measures are used, the cutoffs should be less stringent. This binomial distribution rule was very well illustrated by Ingraham and Aiken in 1996, 35 and then further validated for the Halstead-Reitan Neuropsychological Test Battery 35 (the battery normed by Heaton et al 34 ). This work shows clearly that the expected rate of neurocognitive impairment in a neurologically normal sample decreases as the number of individual neuropsychological measures included in a test battery also decreases. It also discusses what is expected with different levels of between-measures correlation. It should be understood here that those different levels of between-measures correlation "mimic" the effect of disease severity. Therefore, when using the HAND nomenclature guidelines recommendations, and if using a relatively small battery of neuropsychological measures (10), it is essential that the researcher or clinician revise the expected rate of neurocognitive impairment in their control sample and reformulate their cutoffs. Before use, the new cutoff should ideally be cross-validated in an independent control sample and a clinical sample. The cross-validation in a clinical sample with varying levels of neurocognitive impairment will empirically test different degrees of disease severity and therefore provide a realistic scenario for the level of between-measures correlation. Given the above points, we believe that the rigid reference to 15% of individuals being classified as impaired in the general population in Gisslen et al 30 is erroneous. We would recommend that this point be clearly addressed in a future formulation of the HAND diagnostic criteria.
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While the diagnostic criteria for HAND indicate the need to exclude other comorbid conditions that might reasonably account for cognitive impairment, the impact of comorbid conditions such as drug and alcohol use or other medical conditions can be difficult to distinguish in clinical practice, and indeed comorbid factors can have a synergistic effect in HAND. We encourage the reader to refer to other parts of this special issue regarding consideration of the criteria in the context of comorbid conditions, and how HIV-related neurocognitive impairment in general should be interpreted in the context of comorbid neuropsychological confounds (such as in psychiatric, neurological, and some systemic conditions), as they may worsen or compound the HAND profile.
In the cART era, there is also a need to adopt a long-term therapeutic framework as standard practice. New quantitative criteria are needed to address the central question of the clinical significance of cognitive change. In other words, the new diagnostic guidelines need to provide clinically relevant cutoffs for cognitive change (for a review on this issue, see Cysique and Brew 36 ) that the clinicians can use to devise an individualized long-term therapeutic plan. The time frame for follow-up testing should be determined depending on the magnitude of the cognitive decline, stability, or improvement.
Main management issues and their optimal therapeutic strategy for persisting HAND Patients who have had previous HAND episodes and past CNS opportunistic infections
Because the prevalence of HAND has been steady between the pre-cART and cART eras and more patients now survive, it is possible that a "legacy effect" explains the persisting high prevalence of HAND. Supporting this are findings from long-term observational studies that have shown that HAND is more likely in patients who have had previous HIV-related central nervous system (CNS) disorders (ie, past HAND and opportunistic infections in the CNS). 12, 33 However, closer inspection reveals that these are only partial effects. Moreover, cumulative evidence suggests that HAND happens de novo despite cART. 17 At the patient level, this means that extra caution and more regular screening should be considered in patients with past HIV-related CNS diseases.
What is the major cause of the persistence of HAND, and which biomarkers should be investigated?
HAND can occur in the context of viral suppression. Hence, current CD4-T cell count is not a reliable marker for HAND. In essence, this means that immune reconstitution inflammatory syndrome (IRIS) is unlikely to be a major cause for the persistence of HAND. In contrast, research shows that the nadir CD4 T-cell count is a new risk factor for HAND in the cART era. 1, 11, 37, 38 That is, past immune suppression and current neurocognitive status are becoming increasingly associated. For patient management, this means a focus on viral suppression and current CD4 levels as the only biomarkers of reference for HAND is inappropriate. Furthermore, HAND can also occur despite suppression of CSF HIV RNA, 39, 40 and normal cerebrospinal fluid inflammatory markers such as β2 microglobulin. However, it appears that neopterin, a neuroinflammatory cerebrospinal fluid marker, remains abnormally elevated in patients with and without HAND on cART. 41 The significance of low levels of HIV RNA replication (50 copies/mL) is evolving, with some evidence that it may be partly responsible for the persistence of HAND. 42, 43 Longer HIV duration should be considered more carefully as it is becoming a more reliable marker of HAND, although its exact significance needs to be better determined, particularly in regards to patients' age. 44 The reader should refer to other articles of this special issue in relation to newer biomarkers, comorbid conditions that may compound HAND development, including host genetic factors.
Aging, cardiovascular disease (CVD), and renal dysfunction
Several studies have shown increased cognitive impairment in older HIV+ individuals receiving cART compared to younger HIV+ individuals receiving cART. [45] [46] [47] There is currently no neuropsychological evidence that age and HIV interact substantially to produce a more severe neurocognitive profile in HAND. 48 However, emerging data from neuroimaging studies, such as functional magnetic resonance imaging 49 and magnetic resonance spectroscopy (MRS) 50 have found that HIV-related brain injury is compounded in the oldest HIV+ individuals. This may represent a delay between the start of HIV-related brain injury and its eventual clinical expression as detected by neuropsychological assessment. Furthermore, there may be a survivor bias against finding a significant compounding effect of age in current patients who have survived through the pre-cART era, given that HAD was a risk factor for death. 51 Thus older patients (age 60+ years) should receive more regular screening than younger individuals for HAND detection and progression. It should also be remembered that these patients are reaching an age when non-HIV-related neurodegenerative dementias become more prevalent. There is some evidence that this will lead to an increased burden of HIV+ patients with neurocognitive dysfunction. 52 A significant body of evidence shows an increase in the risk of CVD in middle-aged HIV+ individuals as compared to their age-matched HIV-negative counterparts, even when corrected for CVD risk factors. 53 Indeed, HIV+ individuals have a high rate of behavioral and demographic CVD risk factors. In the largest study conducted so far (n = 2945; mean age 40 years), 54 the prevalence of CVD risk factors was: smoking 43.3%, diabetes 8.9%, hypertension requiring medication 23.4%, hypercholesterolemia requiring medication 25.1%, and prior stroke 1.7%. The reasons for a higher rate of CVD are thought to be related to the combined effect of HIV and cART (especially protease inhibitors, although these results are still debated) through HIV-related inflammation, hypercholesterolemia, elevated levels of very lowdensity cholesterol and lowered high-density lipoprotein cholesterol levels, 55 raised triglycerides, visceral adiposity, and insulin resistance. 53 Furthermore, CVD is a leading cause of dementia in the older general population and an increased risk factor for early AD. 56 There is emerging evidence in neuropsychological studies that CVD is a new contributing factor to HAND. 54, 57, 58 Our HIV and aging research program also has preliminary evidence that CVD affects regions of the brain that are associated with HIV-related brain injury (ie, caudate) as well as regions that have been associated with pathological aging (ie, posterior cingulate cortex). 59 Thus, active assessment and treatment of CVD is recommended, especially if the patient has a current or past history of HAND.
Renal dysfunction, a common comorbidity in HIVinfected patients, particularly those who are older, 60 has not yet been assessed as a potential contributor to HAND in the cART era. However, recent studies in the general population have now linked chronic renal dysfunction with increased brain damage (including vascular brain damage). 61 It is submit your manuscript | www.dovepress.com likely that chronic renal dysfunction will also emerge in the years to come as a new risk factor for HAND and a potential compounder of CVD-related brain injury in chronic HIV infection. Close monitoring of renal function and control of risk factors, especially hypertension, should be employed in HIV-infected patients, particularly those with HAND.
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Screening, detection, and long-term follow-up
As mentioned above, standard neuropsychological assessment has become a key evaluation in HAND diagnosis. However, such evaluation is not always accessible as a priority. Also, it would be too costly from a public health perspective to examine all HIV+ patients for HAND. To this end, Cysique et al 7 have suggested a staged approach, whereby individuals who are most at risk for HAND are assessed by a very brief screen, lasting only a few minutes. If deemed necessary, this can then be followed by a longer cognitive screen (approximately 15 minutes) as well as an assessment of mood and IADL (approximately 10 minutes). If the more formal cognitive screen is also positive then the patient should be referred for clinical assessment, neurological workup, and more extensive neuropsychological assessment where possible. To this aim, a neuro-algorithm, in the format of a very brief computerized screen, has been developed. It measures combined risk factors, with 78% accuracy for HAND classification. This publically available algorithm 7 found that age, current CD4 cell count, past CNS HIV-related diseases, and current treatment duration were all predictors of HAND (as part of a weighted combination). Viral load suppression was not found to be a predictor. Because this algorithm was developed using a group with a restricted range of HIV disease severity, the authors are currently developing a new algorithm with patients who are more representative of primary care patients. Also, new risk factors, principally for CVD, were not taken into account in the first version of this algorithm. Other researchers are also building on this method to develop more comprehensive algorithms.
The early detection of HAND is becoming an important public health issue, especially as patients are aging and living with an increasing burden of comorbid conditions that are themselves risk factors for brain damage. Optimal methods for HAND detection at the primary care level are being assessed, but there are difficulties. As explained above, neurocognitive screening tools that are too brief will miss mild forms of HAND, especially in patients with high premorbid functioning. Indeed, while the HIV Dementia Scale 62 may provide some information in moderate to severe cases it lacks sensitivity to milder forms of HAND. 63 In general, for cognitive screens to be sensitive to mild HAND, they should at least assess psychomotor speed, verbal learning, and memory. 64, 65 Additionally, such screens must have corrections for demographic factors, and at least for age, education, and sex.
Lastly, screening tools for the long-term monitoring of HIV+ individuals are under construction. Such tools need to reliably classify impairment by taking into account practice effects but also reliably indicate cognitive decline, as well as being able to monitor the cognitive benefit of long-term highly active antiretroviral therapy or any forthcoming adjunctive therapy.
Current therapeutic options
As yet, no adjunctive or neuroprotective therapies have effectively produced a clinically relevant level of benefit for patients with HAND. The search for novel pathogenic mechanisms and therapeutic approaches is under way. 66 NeurocART Some antiretrovirals are known to have better CNS penetration. To this effect, a score has been developed to systematically quantify its magnitude (the CNS penetration effectiveness score, or CPE). 67 A cART regimen with good CNS penetration (CPE . 7) has also been termed neurocART. 68 Conclusive evidence of the superiority of neurocART at this point is lacking. Although retrospective studies 69 showed no benefit, two European studies 70, 71 subsequently found systematic biases in the prescription of drugs with higher CPE in patients with HAD, some of whom may have been impaired for too long to fully recover. Results from observational prospective cohorts have been assessed qualitatively for rigor of method and quantitatively for power, and showed an average medium effect-size benefit for neurocART. 68 Hopefully, the results of randomized clinical trials will definitively address the issue soon, but any trial has to be designed with at least adequate power and optimal neuropsychology methodology. 68 In patients with HAND, or at risk for HAND, a neurocART regimen is recommended where possible (taking into consideration issues such as resistance, adherence, and adverse effects). Lastly, whether early versus delayed initiation of cART is beneficial on neurocognitive functions over-time is currently under investigation in a large-scale international study (Strategic Timing of AntiRetroviral Treatment [START] Neurology substudy), which will also assess the potential neurocART benefit as a second aim (see details at http://insight.ccbr.umn.edu/start/). 
Long-term cART: direct and indirect neurotoxicities
Despite abundant evidence that nucleoside reverse transcriptase inhibitors can disturb mitochondrial function 72 and protease inhibitors proteosomal function, 73 leading to neuropathy and lipodystrophy, there is only emerging evidence of CNS toxicity from antiretrovirals (ARVs). An MRS study showed that didanosine and/or stavudine use was associated with a significant decrease in concentrations of frontal white matter N-acetyl aspartate (NAA, a marker of neuronal functioning). 74 NAA depletion may reflect mitochondrial dysfunction and/or depletion of cellular respiration. However, MRS of the cerebellum was not reported, yet low NAA in the cerebellum has been found in 93% of patients with inherited mitochondrial diseases, 75 a logically putative model for possible ARV CNS mitochondrial toxicity. Another tentative finding comes from the ACTG 5170 multicenter prospective study, 76 where patients coming off cART improved neuropsychologically. Further, Pfeffer et al 77 reported three cases of chronic progressive external ophthalmoplegia, a form of mitochondrial disorder that appeared to be associated with ARVs.
Vascular cognitive impairment is related to CNS vascular disease. Although controversial, particular ARVs have been associated with CVD (didanosine, abacavir, lopinavir, and indinavir). 78, 79 Ironically, these ARVs (with the exception of didanosine) are the very drugs that seem to be more efficacious in the brain. Evidence for CVD-related brain injury as a component of HAND in the cART era is emerging. 80 Whether this is linked to some specific ARV is under investigation.
Improvement in the assessment of everyday life functioning and cognitive recommendations for patients with HAND Better assessments of IADL
Recent advances in neuropsychology research have seen the development of innovative strategies to better characterize and quantify IADL established upon performance-based measures that are adapted to HAND, even in its milder form. 8, [81] [82] [83] For example, in a recent study it was found that functionally impaired patients (as assessed formally) were more likely to be unemployed and more immunosuppressed, whereas those classified as functionally impaired from selfreport had more depressive symptoms. 84 This empirically confirms previous findings 26 and emphasizes the importance of classifying IADL reliably to determine ANI versus MND prevalence correctly. 85 These performance-based IADL measures are usually relatively lengthy and known to neuropsychologists and occupational therapists (see Heaton et al 8 for original examples in HIV patients), but less well known to medical doctors. These batteries involve the completion of various artificial tasks that represent everyday activities, such as managing finances, medication management, 81, 86 and laboratory-based driving simulation 83 (although the latter may be useful only in persons who are still driving and when public transport is not an option). Their use improves the classification of ANI and MND. 84, 85 Nevertheless, some of these tasks may still not be sensitive to the mildest form of HAND. An innovative research strategy was designed by Scott et al 82 investigating one of the most demanding aspects of everyday life: multitasking. The authors compared demographically matched HIV-negative controls and HIV+ individuals on a comprehensive neuropsychological battery, questionnaires assessing mood and everyday functioning, and a novel standardized test of multitasking, which involved balancing the demands of four interconnected performance-based functional tasks (ie, financial management, cooking, medication management, and telephone communication). Multivariate prediction models revealed that multitasking deficits were uniquely predictive of IADL dependence beyond the effects of depression and global neurocognitive impairment, with excellent sensitivity (86%) but modest specificity (57%). While this task remains relatively lengthy, this is a potential option, if refined and shortened, as part of future quantitative screening.
Another strategy that has been extensively researched by Woods et al 87 in HIV infection is the assessment of prospective memory. "Prospective memory is an innovative cognitive construct describing one's ability to remember to do something at a later time." 88 Prospective memory is more closely associated with performance at the everyday life level than other standard cognitive domains. There is cumulative empirical evidence that it is reliably associated with medication adherence, more so than traditional assessment of cognitive functions. 89 Prospective memory has been shown to have increased ecological validity in patients with HAND and older patients with HAND. 90 However, there is no short form of these assessments, and so their development as potential screens is still under research.
An alternative option may be to rely on both informantreported IADL and self-reported IADL. Indeed, this has long been used in the area of older-age dementia. This may help to eliminate inherent risks associated with the use of a self-report format (such as self-report bias), which is quite commonly used in HIV research. 91 Self-report bias may lead to submit your manuscript | www.dovepress.com minimization when the patient is not aware of his/her deficits (which is relatively common in striatofrontal types of disorder such as HAND) or overreporting, which is linked more to depressive complaints than objective neuropsychological performance. 83 Several strategies to reduce self-report bias have been proposed, including the possibility of utilizing both the individual's performance on measures of executive functioning and a thorough assessment of mood status 26 to better interpret IADL complaints. 92 The simple strategy of having an informant IADL would need to be innovatively validated and adapted to HIV research, because in many instances carers or partners are absent from attending HIV clinics. This may be due to various reasons, including the fact that HIV remains a relatively stigmatized illness and the significant other may be unwilling to come to the clinic, or that the patients themselves prefer to come alone. Most likely though, is the fact that the majority of HIV+ individuals are still relatively young (20-50 years old), ambulatory, and typically attend medical appointments alone. Future research should also aim to examine the opinion of a close friend, relative, or partner as to whether there have been changes in IADL. In clinical practice and if possible, both self-report and an informant IADL assessments are recommended.
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Recommendations to provide to the patient with HAND or at risk for HAND There are no empirically validated cognitive rehabilitation strategies for those with HAND. This is despite evidence of some benefit from use of such strategies in other forms of mild cognitive impairment. 93 Nonetheless, a recent publication by Weber et al 94 found that a self-generation strategy improved verbal memory recall in patients with HIV infection. More specifically, individuals performed better on measures of verbal memory when encoding was facilitated by an active self-generation of paired words rather than simple encoding by reading words aloud.
In the meantime, a psychosocial framework for improved everyday life and quality of life can be used in standard care that aims to maintain, and hopefully improve, cognitive reserve by taking action to prevent or partially alleviate cognitive loss/decline (see Vance and Struzick 95 for details). Additionally, as part of a standard neuropsychological assessment, the clinical neuropsychologist provides feedback to the patient, highlighting their profile of cognitive strengths as well as weaknesses, and how these may be used to function better in everyday life. Therefore, in addition to providing information pertaining to the patient's cognitive status, the neuropsychological assessment is also an initial step in a series of investigations from which the patient and their clinician will become cognizant of the difficulties and how to overcome some of them. For instance, the neuropsychologist may suggest various compensatory strategies. For example, for a patient who has difficulties learning and recalling verbal information but is adept with visual information, it may be recommended that information be presented to them in the form of pictures or graphs, and that they write down important points from discussion or have the information provided to them in writing. For a patient with slowing of cognition, the recommendations could include providing the individual with information in a paced manner and encouraging the individual to work at their own pace, avoiding rushing and time pressures. Importantly, such strategies are tailored to the individual's needs and to their specific cognitive profile as identified from assessment.
If the patient is unlikely to have the cognitive capacity to compensate for a deficit the neuropsychologist may suggest various external prompts and cues. For example, utilizing mobile phone reminders may help to compensate for difficulties with prospective memory (eg, remembering appointments near the appropriate time), while taking a notepad to meetings and appointments can help to reduce the demand on working memory (the amount of information they can mentally hold and consider at any one time). Importantly, the use of such strategies can assist an individual in maintaining an optimal level of independence, when they may otherwise have had to reduce their level of activity or rely on the help of a carer, and may also help to reduce stress.
The neuropsychological assessment has a number of functions: identifying the degree and nature of impairments, monitoring progress over time and response to treatments, and helping to identify those individuals who would benefit from social supports, brokered care, case management, or supported accommodation. Such services might be deemed necessary where the person is unable to independently manage their IADL, where they have difficulty maintaining adequate hygiene, adhering to their medication regime, meeting their dietary requirements, and keeping their living environment safe and free from hazards.
Conclusions
Clinical, research, and rehabilitation strategies are needed to better capture HAND long-term course, and these should lead to a revision of the current HAND (2007) capture prevalence/incidence reliably, adequately plan future public health policies, and adequately plan clinical care over the long term including preventive care for comorbid factors associated with aging.
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